Introduction {#Sec1}
============

As the COVID-19 pandemic evolves worldwide, reports of a spectrum of mild to severe neurological syndromes among patients infected with SARS-CoV-2 are emerging, including headache, anosmia, ageusia, seizures, coma, encephalitis, Guillain--Barre syndrome, and acute cerebrovascular events including ischemic stroke, intracerebral hemorrhage, and cerebral venous sinus thromboses \[[@CR1]--[@CR14]\]. Early reports from China suggested that neurological symptoms may be found in up to 36% of COVID-19-positive patients, with higher prevalence among more severe cases \[[@CR6]\]. Helms et al. \[[@CR15]\] reported that 84% (49/58) of patients with severe SARS-CoV-2 infection and acute respiratory distress syndrome had neurological symptoms including encephalopathy, agitation and confusion, and corticospinal tract signs. However, very little is known of the etiology of these reported neurological findings in the context of SARS-CoV-2 infection. Potential possibilities include direct viral invasion, para-infectious mechanisms, secondary neurological manifestations of systemic organ failure, or coincident neurological dysfunction in the context of high SARS-CoV-2 population prevalence \[[@CR16]\].

We established the Global Consortium to Study Neurological dysfunction in COVID-19 patients (GCS-NeuroCOVID) and promptly launched a tiered research program with an early, pragmatic, and nimble design to enable successful implementation during a global pandemic crisis when healthcare systems are stressed. The over-arching goals of this consortium are: (1) to characterize and estimate the prevalence of neurological syndromes in hospitalized patients with SARS-CoV-2 infection; (2) to identify predictors of neurological dysfunction among COVID-19 patients; (3) to determine the impact of neurological dysfunctions on functional and cognitive outcomes of COVID-19 survivors; and (4) to utilize routine and experimental laboratory, electrophysiologic, and radiographic biomarkers to decipher potential mechanisms and predict outcome of neurological injuries in COVID-19 infection.

Methods {#Sec2}
=======

Study Rationale {#Sec3}
---------------

### Biological Plausibility for Neurotropism {#Sec4}

The SARS-CoV-2 virus shares significant structural homology with SARS-CoV, which causes SARS and is known to have a variety of neurological manifestations \[[@CR17]--[@CR20]\] and a predilection for neurons \[[@CR21]--[@CR23]\]. To enter cells, coronaviruses must have their viral spike (S) protein bind to a cell surface receptor as well as S-protein priming by host cell proteases. Both SARS-CoV and SARS-CoV-2 use the cell surface receptor angiotensin-converting enzyme 2 receptor (ACE2R) for cell entry. Neurons and glial cells express ACE2R \[[@CR24]\]. Meanwhile, oligodendrocyte precursor cells and astrocytes express the serine protease TMPRSS2 required for SARS-CoV-2 S-protein priming \[[@CR24], [@CR25]\]. In one postmortem tissue study, Paniz-Mondolfi et al. \[[@CR26]\] described viral presence in frontal lobe neural and capillary endothelial cells from a patient infected with SARS-CoV-2. Taken together, these facts suggest biological plausibility that SARS-CoV-2 may enter the CNS.

Emerging reports of prominent anosmia and dysgeusia symptoms among COVID-19 patients led many to postulate that SARS-CoV-2 may enter the brain from the nasopharynx via retrograde viral migration along the olfactory bulb or directly invade the CNS through the cribriform plate \[[@CR27], [@CR28]\]. However, evidence of SARS-CoV-2 in human cerebrospinal fluid (CSF) or brain tissue specimens is lacking \[[@CR2], [@CR15], [@CR29]\]. One case report from Japan identified SARS-CoV-2 RNA in patient's CSF obtained 9 days after initial COVID-19 symptom onset \[[@CR14]\]. However, nasopharyngeal swabs obtained at the same time were negative, raising the possibility of either a contaminated specimen or viral neurotropism that may exist independent of systemic involvement \[[@CR14]\].

Similar to adults, children experience a spectrum of neurological manifestations in response to viral infection and post-infectious immune dysfunction. Recent evidence highlights acute and long-term neurological manifestations due to other viral illnesses including Guillain--Barre syndrome and neonatal microcephaly with Zika virus, encephalitis \[[@CR30]\] with H1N1 influenza \[[@CR31]\], and acute flaccid paralysis with enterovirus-68 \[[@CR32]\]. However, COVID-19 reports in children published thus far lack detailed information on the frequency and outcomes of neurological findings on presentation and through hospital admission \[[@CR33]\].

### Establishing Prevalence Data {#Sec5}

Reports of potential neurological dysfunctions observed in COVID-19 patients have emerged at an increasing pace. Initially, many such reports were from verbal communications between colleagues or presented online in preprint form prior to scientific peer review. Of the peer-reviewed, published case reports/case series to date, most contain less objective/diagnostics data compared to pre-COVID-19 era, likely due to limitations related to COVID-19 containment and healthcare resource limitations in a pandemic. Reported SARS-CoV-2-related neurological syndromes include ischemic \[[@CR34]\] and hemorrhagic strokes \[[@CR3]\], Guillain--Barre syndrome \[[@CR4]\], a case of necrotizing encephalopathy \[[@CR2]\], and a case of atypical presentation of COVID-19 in infants \[[@CR35]\]. Nearly all reported cases of neurological dysfunction were in hospitalized patients. None have reported the underlying COVID-19 prevalence rate in the hospitalized patients at the times of these cases. Identifying neurological phenotypes of SARS-CoV-2 may identify an important fraction of COVID-19 patients who have non-classical presentation with neurological symptoms, which may, in turn, change screening strategies. Infants, children, and adolescents may have very different SARS-CoV-2 presentations than adults. Understanding neuro-phenotypes is particularly important in the pediatric population, for which COVID-19 data have generally been sparse. Identifying post-infectious neurological events that can occur subsequent to the diagnosis and may impact long-term outcomes (e.g., cognitive, emotional, physical health) is equally critical.

### Understanding the Impact on Outcome {#Sec6}

The spectrum of neurological dysfunction observed in the context of SARS-CoV-2 may have variable effect on patient outcome. This study will identify in-hospital and delayed functional and cognitive outcomes that may assist in prognostication and goals of care discussions among COVID-19 patients. Additionally, variables addressing code status and withdrawal of life-sustaining therapy are collected, which will allow for modification of mortality estimates based on code status.

### Insight into Treatment Strategies {#Sec7}

Exploratory analysis of this planned observational study may also provide information on potential impact of empiric COVID-19 therapeutics on emerging neurological syndromes. The effect of medication(s) given empirically and in controlled trials for the treatment of COVID-19 infection or para-infection on neurological symptoms is unknown. Ideally, once we characterize the main phenotypes of neurological syndromes seen in COVID-19, the global community can develop treatment guidelines or systematic approaches to empiric therapies targeting neurological dysfunction. Similarly, in both the adult and pediatric populations, we anticipate that knowledge gained from this study regarding neurological manifestations will bolster personalized treatment and rehabilitation strategies to optimize outcomes and inform future interventional studies.

Patient Population {#Sec8}
------------------

Table [1](#Tab1){ref-type="table"} summarizes inclusion and exclusion criteria for both adult and pediatric studies. The adult study will recruit COVID-19 patients exhibiting acute neurological signs or symptoms. For the adult study, patients with preexisting, severe, baseline neurological dysfunctions such as baseline coma/vegetative state, quadriparesis, or refractory seizure disorder with frequent breakthrough despite anticonvulsant therapy are excluded because discerning new from existing neurological dysfunction would be difficult. For the pediatric study, children under the age of 18 years who are hospitalized with confirmed or presumed COVID-19 are eligible; there are no exclusion criteria.Table 1Tier 1 study inclusion and exclusion criteriaInclusion criteriaExclusion criteria*Adult study (age *≥* 18* *years)*Admitted to acute care hospital with confirmed COVID-19 infection or COVID-19 suspect patient under investigation (PUI)Patient exhibiting acute neurological symptom(s)/dysfunction(s)Outpatient statusLack of specific new neurological findingsPreexisting, severe, baseline neurological dysfunction including baseline coma/vegetative state, baseline quadriparesis, baseline refractory seizure disorder with frequent breakthrough seizures despite anticonvulsant use*Pediatric study (age *\<* 18* *years)*Children age \< 18 admitted to acute care hospital with confirmed or presumed COVID-19None

We will recruit patients who are documented to have COVID-19 (either through detection of SARS-CoV-2 in a relevant biosample, or through appropriate serology) as well as COVID-19 Patients Under Investigation (PUI), in whom clinical suspicion for SARS-CoV-2 infection is high. Inclusion of the latter category is justified for several reasons. First, testing availability differs broadly by location and center. Centers may have limited testing or repeat-testing capabilities for COVID-19 in patients with highly suspicious clinical syndromes. Second, laboratory COVID-19 test turnaround times for diagnosis vary significantly by location and center. At sites that require over 24 h for results to be available, patients could first enter the study by qualifying as COVID-19 PUI and later have confirmatory results. Third, COVID-19 test false negative rates vary by center. Patients with negative COVID-19 test results but highly suspicious clinical syndrome would remain as COVID-19 PUI and should be included. Finally, some patients who have undergone testing (and hence qualify as COVID-19 PUI) may die or leave the hospital before COVID-19 results are available. We believe that inclusion of COVID PUI subjects would therefore increase the sensitivity for case ascertainment. We will address the potential reduced specificity inherent in this approach by comparing primary and secondary outcomes in laboratory-confirmed COVID-19 patients to PUI patients.

Study Design {#Sec9}
------------

GCS-NeuroCOVID is a prospective, international, multicentered, tiered study, designed to maximize site involvement at minimal cost, while preserving scalability. The pragmatic design has three tiers of study involvement ranging from IRB-exempt basic clinical data element collection (CDE) with waiver of consent all the way to advanced translational laboratory, electrophysiologic, and imaging studies to probe into pathophysiology (Table [2](#Tab2){ref-type="table"}). The Neurological Manifestations of COVID-19 pediatrics study is a multinational, observational study organized similarly to the adult study with three planned tiers.Table 2Three-tiered design of GCS-NeuroCOVID studyTier 1Tier 2Tier 3DesignProspective, Observational RegistryProspective outcome studyExperimental translational studyStudy characteristics---adult (age ≥ 18)*Population*: Simple inclusion and exclusion criteria. Broadly inclusive*Data*: Small \# of core data elements, low data granularity, capture basic groups*Outcome*: Global outcomes measured at acute care hospital discharge: Mortality, discharge disposition, length of stay*Patient contact*: All data collected remotely from electronic health records ± telecommunication with clinical team. No direct contact with study subjects*Ethical board*: Qualifies for expedited review and waiver of consent*Population*: COVID-19 with neurological symptoms*Data*: More detailed clinical and neuro-diagnostic data, e.g., Detailed neuro examination Clinical laboratory data Clinical imaging and neurophysiologic data.*Outcome*: Longitudinal study to capture subacute and long-term events; include cognitive outcome*Patient contact*: Require contact via telecommunication for outcome assessment. (no direct contact to reduce exposure)*Ethical board*: Requires full board review and informed consent*Population*: Same as Tier 2*Data*: Advanced, non-standard neuro-diagnostics (e.g., advanced magnetic resonance techniques) Prospective biospecimens collection (CSF, blood, other) for experimental biomarkers investigation Possible histologic tissue study*Outcome*: Same as Tier 2*Patient contact*: Involves direct contact + biospecimens. Needs infection containment for study procedure and biospecimen storage (BSL2/2 +)*Ethical board*: Requires full board review and written informed consentStudy characteristics---pediatrics (age \< 18)*Population*: All confirmed and presumed COVID-19 cases*Data*: Detailed clinical and neuro-diagnostic data collection*Outcomes*: In-hospital outcomes*Patient contact*: No direct contact, electronic chart review + telecommunication with clinical team*Ethical board*: Qualifies for expedited review and waiver of consent*Population*: Same as Tier 1*Data*: Post-hospital discharge child and family outcomes*Outcome*: Post-hospital outcome at 1--3 months after acute care hospital discharge*Patient contact*: Require contact via telecommunication for outcome assessment. (no direct contact to reduce exposure)*Ethical board*: Requires full board review and informed consent*Population*: Same as Tier 1*Data*: Prospective biospecimens collection (CSF, blood, other) for experimental biomarkers investigation; clinically obtained imaging and other testing; neuropsychological testing*Outcome*: Descriptive biomarkers; biomarker association with neurological outcome*Patient contact*: Involves direct contact for biospecimen handling and storage. Needs infection containment for biospecimen storage (BSL 2 +)*Ethical board*: Requires full board review and informed consentCommon data elementsCoreEnhancedSupplementalParticipating centersAll centers All centers able to participate regardless of resource levels Many centers Large sample sizeAble/willing centers participate Fewer sites Smaller overall sample size but more granular dataSmall \# of centers with necessary resources participate Few sites Smaller overall sample size but with longitudinal data and biomarker dataCost/resource needsLow, self-fundedModest cost for data collection and entryHigh cost for research coordinator time, specimen processing, laboratory or imaging studies that are not part of routine clinical care

### Tier 1 {#Sec10}

Tier 1 is a focused, prospective observational study, pragmatically designed and accounting for the many logistical limitations in patient-centered research during the current COVID-19 pandemic. This is a prevalence study specifically designed to qualify for waiver of consent and expedited internal review board (IRB)/ethics board review. Given hospitals and intensive care units (ICUs) are locked down and in-person research activity suspended in many locations around the globe, Tier 1 is specifically designed to avoid any in-person patient contact or any need to enter the hospital for data collection, thus minimizing staff exposure risk and preserving personal protective equipment (PPE) for necessary clinical use. Another important pragmatic feature for Tier 1 study design is the separation of a very basic core set of data elements that need to be collected in real time, plus a set of "supplemental-highly recommended" data that, if necessary, can be obtained retrospectively from patient records with relative accuracy. Examples of core data elements include dates of neurological symptom onset and elements of the neurological assessment. Examples of "supplemental-highly recommended" data elements include basic laboratory values such as leukocyte counts. Overall, Tier 1 study is specifically designed to be very focused with low data collection burden such that all centers, regardless of level of research support and overall patient volume, may successfully implement this study with support from the central coordinating center.

The pediatric Tier 1 is designed to capture detailed information due to the smaller number of children who meet these criteria. There are two aims for Tier 1: (1) quantify neurological symptoms and diagnoses during hospitalization; (2) examine associations between empiric COVID-19-directed therapies and patient characteristics with outcomes.

### Tier 2 {#Sec11}

Overlaying Tier 1, Tier 2 study will capture more detailed data on clinical examination findings, routine clinical laboratory, electrophysiology, imaging, and microbiological data that were not captured in Tier 1 due to severe research logistic limitations in the first phase of this pandemic. In addition, Tier 2 study will assess long-term mortality and functional outcomes beyond acute care hospital discharge. This study phase would require implementation of post-discharge longitudinal outcome evaluations via telecommunication tools and will include neurocognitive and quality-of-life assessments in addition to global outcome. The Tier 2 study would require study subject contact (by telecommunication to observe social distancing requirements) and would require informed consent from participants. By design, Tier 2 study will require more research personnel resources compared to Tier 1 and will therefore have fewer study sites and likely a smaller overall sample size, but more granular clinical data plus longitudinal outcome assessments. Since both Tiers 1 and 2 are observational studies, patients enrolled in these components of GCS-NeuroCOVID are also eligible to participate in interventional controlled clinical trials. This may allow us to explore potential effects of these investigational therapeutics on the prevalence and outcome of neurological dysfunctions in COVID-19.

The aim for Tier 2 in the pediatric study is to analyze child and family functional health and health-related quality-of-life outcomes between 1 and 3 months post-hospital discharge by the presence or absence of any neurological symptoms.

### Tier 3 {#Sec12}

Tier 3 is constructed as an advanced translational study that involves experimental protocols beyond routine clinical care. In this tier, advanced experimental neuroimaging, neurophysiologic, and molecular diagnostic techniques may be used to probe the physiology and pathophysiology of neurological dysfunctions and injuries in COVID-19. A centerpiece of Tier 3 is the prospective collection and banking of biospecimens such as blood and cerebrospinal fluid (CSF) during acute as well as subacute and chronic phases of disease to facilitate future advanced biomarker analysis. Tier 3 studies would require facilities with existing resources and expertise in advanced experimental imaging protocols and resources and facilities to prospectively bank biospecimens with the required level of security and biocontainment. Given these requirements, it is expected that only select sites with these resources can participate in Tier 3.

The pediatric Tier 3, similar to the adult study, focuses on creation of a biobank of prospectively collected CSF and blood specimens obtained during acute, subacute, and chronic phases of disease to facilitate future mechanistic and diagnostic analyses.

Common Data Elements {#Sec13}
--------------------

An important consideration of this international collaborative consortium was to develop global consensus around CDEs for neurological dysfunction in COVID-19 to promote data harmonization and enable future merger of large datasets. Development and adaptation of CDEs have facilitated significant advancement and breakthrough in many clinical areas of investigation and is strongly endorsed by the United States National Institute of Health \[[@CR36]\]. The National Institute of Neurological Disease and Stroke (NINDS) has developed and catalogued consensus CDEs across many important neurological conditions including stroke, subarachnoid hemorrhage, and traumatic brain injury \[[@CR37]--[@CR39]\]. CDE development for COVID-19 neurological dysfunction will follow the guidelines set forth by the NINDS CDE project \[[@CR36], [@CR37], [@CR40]--[@CR43]\] \[[@CR44]\]. Tier 1 CDE includes patient sex, age, race/ethnicity, presence of comorbidities, neurological symptoms and syndromes, admission laboratory values, radiographic findings, pharmacological treatments and hospital outcomes including death, discharge disposition, and length of stay. Tier 2 and 3 CDE are actively being developed.

Outcome Assessments {#Sec14}
-------------------

The primary outcome in Tier 1 is the prevalence of new clinical neurological syndromes in SARS-CoV-2 patients including: new onset headache, anosmia/ageusia, clinical seizures/status epilepticus, strokes (ischemic and hemorrhagic), meningitis/encephalitis, hypoxic/ischemic injury, acute encephalopathy, coma, myelopathy, neuropathy, and dysautonomia/sympathetic storming. Standard definitions are provided in the data dictionary to assist uniform adjudication of these clinical syndromes. Secondary outcomes include in-hospital, 30- and 90-day morality. Additional exploratory secondary outcomes include global functional outcome at acute care hospital discharge measured by modified Rankin score, ventilator-free survival, discharge disposition, ventilator days, and hospital length of stay. The general design and outcome measures for Tiers 2 and 3 are under development and summarized in Table [1](#Tab1){ref-type="table"}.

Consortium Structure and Data Storage Coordination {#Sec15}
--------------------------------------------------

To expedite site initiation and data acquisition, case report forms and data dictionaries were distributed to local study sites allowing for immediate data entry. Similarly, IRB study templates were distributed to facilitate site readiness. Given the urgency of capturing data during SARS-CoV-2 patient surges, a parallel process was adopted whereby each site obtained single-center local IRB approval, while a data use agreement was developed by the data coordinating centers for future data consolidation. Given the global nature of this consortium, data storage and sharing are required to comply with all local and regional regulations (e.g., the General Data Protection Regulation).

Access to consortium data will be governed by a data-sharing plan that makes the unique resources from this network available to the scientific community, while ensuring that the rights and privacy of human subjects who participate in research are protected at all times. We will do so by establishing a scientific committee comprised of international adult and pediatric subspecialist members from centers who have contributed data. All requests for consortium data will be submitted for review and adjudication through this scientific committee. Once approved by the scientific committee, data will be made available to requesting investigators after establishing a data-sharing agreement. De-identified data will be made publicly available upon the completion of the project and publication of primary manuscripts from this work.

Site Registration {#Sec16}
-----------------

Individual institutions/hospitals are invited to register for participation at <https://www.neurocriticalcare.org/resources/covid19>. Each site is requested to identify a single-site principal investigator (PI) and one secondary contact person. Case report forms, data dictionaries, and IRB templates will be provided following successful site registration.

Study Timeline {#Sec17}
--------------

Figure [1](#Fig1){ref-type="fig"} demonstrates the GCS-NeuroCOVID study development in relationship to milestones of the unfolding SARS-CoV-2 pandemic. Tier 1 of GCS-NeuroCoV is designed to collect data for a 3-month interval. In 1 month from 3/27/20 to 4/27/20, over 70 international sites have registered for participation and several are currently collecting data. Collation of multicenter adult study data is projected to begin by August 2020. Analysis of Tier 1 data is projected to be completed by September 2020 with planned manuscript submission by October 2020. The pediatric study is planned to continue enrollment through December 2021 due to lower prevalence rates.Fig. 1SARS-CoV-2 progression and GCS-NeuroCoV study development

Statistical Analyses {#Sec18}
--------------------

The overall prevalence of neurological complications among hospitalized COVID-19 patients will be calculated by pooled estimates of neurological findings divided by total COVID-19-positive patients over the study period. Daily prevalence rates will be calculated by the number of COVID-19-positive or COVID-19 PUI patients with neurological dysfunctions divided by the total number of hospitalized COVID-19-positive or PUI patients on day of study enrollment. Descriptive statistics and frequency analysis will be used to describe demographic, clinical, and radiographic characteristics of the study sample and overall prevalence of confounding factors. Bivariate analysis including chi-square statistics for nominal and ordinal level variables and *t* test or comparable nonparametric analysis for continuous-level variables will be performed to explore relationships between patient-level characteristics and study outcomes. Regression modeling will be performed to identify the impact of individual neurological complications on patient mortality, discharge disposition, length of stay, and functional and cognitive outcomes.

Discussion {#Sec19}
==========

This study represents the one of first large global efforts, to our knowledge, to establish a rapid, pragmatic paradigm to evaluate acute neurological events during a pandemic. We have demonstrated that expedited study design, deployment, and data collection are possible on an international scale within a 1-month time frame and in the context of a global pandemic. This study may prove useful as a template for the development of other low-cost, global research initiatives.

Designing and implementing a large, international, collaborative study to investigate an emerging disease represents uncharted territory for most scientific investigators and research organizations. The severity of this pandemic and the exponential speed at which new information has emerged has demanded that we utilize innovative strategies, parallel processing, and a nimble and adaptive approach to study design. Strengths of this study include: (1) the tiered design, which allows for participation of a large number of sites internationally with minimal resource deployment, while maintaining scalability; (2) development of CDEs to harmonize data collection across sites; and (3) leveraging of existing NCS international partnerships for site recruitment. As we implement each tier, new and emergent information can be incorporated into design and development of next tier studies in real time. Furthermore, Tiers 2 and 3 will have a modular design, where data elements for each investigational or diagnostic technique (e.g., laboratory biomarkers, electrophysiology, or neuroimaging) may be developed and implemented in parallel, providing centers with the flexibility to implement select modules that are best suited to each institution's resources and patient population.

There were several critical considerations that the consortium sought to address while developing this study. First, our priority is to estimate the scope and prevalence of neurological sequelae of SARS-CoV-2. Though several case series have been published, there are no good estimates of the incidence or prevalence of neurological dysfunction, nor are there data evaluating the impact of neurological complications on outcome and long-term disability. While the lack of extensive testing makes it difficult to estimate the number of COVID-19 infections in the community, restricting the study population to hospitalized patients provides a reasonable denominator to begin to determine the prevalence of neurological dysfunction.

Second, a cautious evaluation of causal inference will be necessary when interpreting the data. For example, if both a virus and neurological syndrome are widely prevalent in a given population, the pathophysiologic link between entities becomes less robust. By the multicenter nature of this study, community prevalence of SARS-CoV-2 will vary across sites. Acute neurological abnormalities may also arise as secondary injuries due to multi-system organ dysfunction associated with SARS-CoV-2 infection. For example, acute encephalopathic syndromes may be due to SARS-CoV-2-related renal failure, delirium may be due to prolonged intubation and sedation, stroke may be related to SARS-CoV-2-induced myocarditis, and myopathy and/or neuropathy may result from prolonged critical illness, neuromuscular blockade, or steroid use. Following Hill Criteria \[[@CR45]\], if we are able to establish temporal relationships with infection preceding neurological symptoms, biological plausibility (e.g., biomarkers of a SARS-CoV-2-induced hypercoagulable state preceding an ischemic stroke), and consistent and strong relationships between SARS-CoV-2 infections and specific neurological syndromes, we will be more confident that we are observing a causal relationship. As a first step, we will characterize the phenotypes of neurological dysfunctions seen in COVID-19 based on rigorous clinical observations. Following this, additional laboratory, electrophysiologic, radiographic, and even histologic/tissue investigations can be used to investigate underlying pathophysiologic processes.

Third, while our study is designed to capture acute and early post-infectious neurological manifestations of COVID-19, there may be late cognitive and neurological syndromes that develop outside of our initial study time frame. The often-cited connection between encephalitis lethargica and the 1918 influenza pandemic exemplifies the possibility of a post-hospital discharge neurological sequelae, potentially driven by autoimmunity \[[@CR46]--[@CR48]\]. A prudent approach may include patient education, longitudinal follow-up care, and acute--late biospecimen analysis.

Conclusions {#Sec20}
===========

The Global Consortium to Study Neurological dysfunction in COVID-19 patients (GCS-NeuroCOVID) is one of the first large-scale, global research collaboratives urgently assembled to evaluate acute neurological events in the context of a pandemic. The innovative and pragmatic study approach has allowed for rapid recruitment and activation of over 70 sites across the world---an approach essential to capture real-time critical neurological data in adult and pediatric patients to inform treatment strategies in the context of a pandemic. The tiered structure of this study allows for an adaptive approach as diagnostic, pathophysiologic, and therapeutic data pertaining to SARS-CoV-2 evolves. This study methodology may serve as a template to guide development of future consortia.
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